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ICIHG  UW  r-HJl'n  ANP  PTATIOMKY  l;THUCTUKKS  UrJDKFt  MAHiriPK  COIIDITTOriP 
A PRELIMINARY  LITERATURFI  LURVEY  OF  JAPANESE  P.OIJR^Ef 

by 

K.  Itar.'iki 
INTRODUCTION 


ITiIg  report  contains  the  results  of  a literature  survey  of  Japanese 
sources  undertaken  as  an  initial  part  of  the  Superstructure  Icinr  Protjran 
(sip)  funded  by  the  Marathon  Oil  Company.  Most  of  the  available  data 
were  related  to  ship  icin^’  that  is  primarily  caused  by  sea  spray  due  to 
the  pounding  of  waves  against  the  ship.  This  situation  is  difficult 
compare  with  that  of  stationary  structures  such  as  oil  ries,  since  a 
major  portion  of  the  sea  spray  in  the  latter  case  would  be  produced  r.y 
wind-generated  whitecaps,  rather  than  by  the  pounding  o'  waves  against 
stationary  structures.  Since  fewer  parameters  are  involved  in  the 
latter  case,  theoretical  calculations  are  possible.  The  results  are 
parallel  to  those  obtained  for  ship  icing,  except  that  the  windspeed 
has  to  be  higher  for  the  stationary  structures  than  i'or  ships. 


REPORTS  FROM  FIELD  STUDIES 


Extensive  studies  made  through  cooperation  between  the  Japanes'. 
Maritime  Safety  Board  and  the  Institute  of  Low  Temperature  Science  weru 
described  by  Tabata  et  al  (1963).  A major  portion  of  the  availatle 
field  studies  was  contributed  by  this  group.  Since  there  were  some 
duplications,  papers  reviewed  here  will  cover  the  essential  parts  of  *,he 
results. 

Growt.a  Rate  of  Ice  Thickness 

Paper  markers 

Paper  markers  were  frozen  onto  the  growing  ice,  using  small  amount.s 
of  water,  at  ij-hour  intervals  at  several  locations  on  board  ship.  The 
cross  sections  of  accumulated  ice  arc  shown  in  Figure  1.  The  growth 
rate  relative  to  final  thickness,  together  with  the  bearing  of  the  ship 
and  th*''  wind  direction,  in  shown  in  Figure  2.  Apparently,  the  relative 
angle  of  tlie  ship  to  the  wind  has  a strong  effect  on  the  icing  rate. 
Table  I indicates  icing  rates  by  position  of  ice  on  board  ship.  Note 
that  up  to  2 ton/hr  of  icing  occurred  under  rather  moderate  conditions 
(air  temp  'v-6  to  -8°C , windspeed  'v-  11  m/s)  on  a 3l6-gross-ton  vessel. 

As  shown  in  Figure  3,  the  Beaufort  wind  scale  and  air  temperature  siiow 
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no  particular  relation:;hi  p , except  Uiat  !iO  icinr  •'■curred  beJow  rfirul 
scale  1.  Presumably,  small  ice  acciuiiulations  it;  hirher  winds  wt;>re  lo;tt 
by  being  washeii  from  sea  water  which  is  warru-r  tdian  fre-ezing  temiiera- 
tures . 

Icing  rod 

Two  aluminum  rods  were  placed  on  tiie  fi’ont  face  of  the  ship'.: 
bridge.  Rod  A had  an  electrical  transmitter  to  measure  its  weight  and 
was  kept  in  place  during  the  t.esting.  Rod  B was  replaced  witli  a 'lear. 
rod  every  four  iiours  and  its  weigiit  was  measured  each  timi''.  Figui'e::  '.a 
and  i»b  show  a schematic  diagram  and  photograph  of  the  icing  rod.s.  Tiie 
results  of  th<_se  tests  are  shown  in  Table  II. 

Icing.  g.age 

Since  brine  in  the  ice  may  be  drained  and  lost  from  the  icing  ro(i , 
the  total  amount  of  sea  spray  cayitured  by  tiie  object  cannot  be  m.easured 
by  the  icing  rod.  Therefore,  an  icing  gage  was  devised, as  shown  in 
Figures  5a  and  5b,  to  measure  the  total  amount  of  tiie  syiray  captured  o.n 
the  rod  (Tabata,  1963).  Two  sets  of  icing  gages  were  exc'nanged  every 
four  hours  and  the  amounts  and  chlorinities  of  accumulat<“d  ice  and  trine 
were  measured.  The  results  are  shown  in  Table  II.  The  ciilorinity  shown 
in  column  9 was  generally  close  to  that  of  sea  water,  indicating  tn.at 
sea  spray  is  the  major  source  of  icing. 

The  structure  of  accreted  Ice 


The  structure  of  accreted  ice  was  studied  by  making  thin  section.i 
from  samples  collected.  The  sizes  of  the  crystals  were  about  0.5  rj.’i  an 
no  preferred  orientations  were  found. 

Total  iimount  and  center  of  gravity  of  accreted  Icr 

The  total  amount  and  the  center  of  g.ravity  of  ice  accumulation  wcia. 
measiu’ed  by  two  methods. 

l)  Method  by  chang.e  in  center  of  g.ravity:  The  weigt.t  ar.i  tiic 

center  of  gravity  of  the  ice  cun  be  calculated  from  tiie  measurements  oi' 
the  center  of  g.ravity  of  the  ship  before  and  after  the  re.moval  of  accreted 
ice  and  change  in  the  draft.  Tlie  heig.ht  of  the  center  of  gravity  of 
accreted  ice  can  aJ.so  be  calculatejd  by  the  change  in  lie  period  of 
rolling.  The  results  ai'e  siiown  in  Table  Ill(a).  Tiiis  method  requires  a 
quiet  port  for  accurate  measurements. 

?)  Me t tied  by  Wei g.ti i ni : : Weigiiirig,  individual  pieces  of  accreted 
ice  is  a more  reliable  metiiod,  altiiougii  the  time  and  labor  required  are 
considerable.  Also,  this  method  enalilos  tiie  contributions  of  ice 
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Quest lonnui res 


Tabata  wi.o  investigated  the  .dilt  irir.,'  and  ‘ ne  r.ete 

iofsical  conditions  on  Tsf-  .Yar  i t iine  faf'-ty  A/'-ncy  caf.-r,',  ta-iue.'tfl  • i.c 
operators  ol'  the  cutters  to  I'ill  out  quest ioTinai  r*-r;  -rfhei.i'Vi  v they  ase-ra'el 
under  possible  icinp  conditions.  The  items  on  racti  quest,  iorinai  re  in- 
cluded the  name  of  cutter,  position,  speed  of  cutter,  leai’inqs,  .’’eia’.  ive 
wind  direction  anii  speed,  air  .and  water  teiiiperai  u'e.' , wave’  arid  rweil 
class  and  their  relative  directions,  estimated  ice  accreti-r. , weather 
conditions,  and  time  of  initiatioii  .and  termir.aticn  < f i..'iri;'. 

In  addition,  soa  spray  and  iciti;'  were  'i.assifji  ; in  tnrev  st*-.  . 
included  in  the  questionnaire.  Tiierc  -’J-assi  ficat  ions  f'-r  s;  ra,.'  :u.- 

0,  1,  and  2 were:  no  spray,  moderate  spr-ay,  and  heavy  r.pray,  i>'. I e..y, 
reaching  to  the  bridge  window.  Icing  .;l.asses  ’ , ] and  2 wiu'e,  s irl  . a:' ,y , 
no  icing,  moderate  icing,  and  iieavy  ice  .accretion',  respectively . A 
total  of  256  questionnaires  were  collected  tiie  winter:;  of  19C3-1  •'<"7  a;M. 
covered  12  cutters  of  between  the  270-ten  atid  1100-ton  elasr.  i-ata 
.analysis  was  concentrated  on  tiie  390-tcii  class  and  '*''.  '-t”n  .-l.as::  ■.•ut'  e’!'S  , 
since  data  from  other  si/.os  of  cutters  were  insufficient  for  tat  i .:t M.’-ai 
analysis . 

As  shown  in  Figure  6,  air  te’mi'Cr.atuta.-  -ind  j'el.a’  ive  winuspeed  riave  -i 
definite  effect  on  ice  accretion.  Tt.e  following  car.  le  dePuce.l  from 
this  figore:  l)  icing,  starteu  below  -2"C,  2}  icing,  started  when  relative 

windspeed  exceeded  6 - H m/sec,  and  3)  a ::ligrit  increase  in  windsjecd 
or  decrease  in  teir.fierature  .accelerated,  ice  accretion.  Ttio  angle  I’etween 
waves  and  ship's  J'C.aj' i n(t  is  also  .an  iiiiportant  factor  t’or  ice  a-jretiori, 
as  shown  in  Figure  7.  The  smaller  the  an/'le,  th<‘  smaiicr  the  or 

the  Jiigher  the  be-aufort  wave  cla::;;,  the  more  sea  spra.,'  is  observed. 

Ono  (197^)  did  some  stut  i :;tic.a  1 .analysis  of  tbc'  shi!  icing  con- 
ditions reported  by  fishing,  bcvits  atid  cutters.  Icing  reports  radiott!  in 
by  ships  weri  dociiHierii  ed  on  the  questionnai  :’c-  f irii..:  at  the  coast  raiio 
stations  for  fisheries.  Items  r> corded  were:  date,  positioti  of  ship, 
nfune  ol’  the  shi[  , tonnag.e,  ship';:  construction  (wooden  or  steel),  type 
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1)1'  VI  -I  , mct.hoii  ol'  Clijhirir,  wiviihi"’,  wiii.i  d i I'l-C!,  ! .11 . wiridipf-d  (wind 
•III.':;),  I'v  I'll,  i VC  w i ndd.pccd  and  difc-i  i .n  f.c  the  aiiir,  t'caririi',  .:pfcd 
1)1'  .ini:',  .air  tvi.iperat,  uri' , v.at,fi'  *•  ct:  • ■ ra , 'iiid  1 ■ i .nr  vtam.  Tiic  i r- i nr 
rinnr  was  niirtitly  modified  frori  • lie  :C"Vioi;.;  r.t.udy  a.;:  O)  i 'inr  ■•Jan 

expected,  1)  icirir  war,  ol^nerved,  conii  iiir  rn!)]  e icirir  '«'ar,  oli- 

.nerved,  j)  icinr  wan  no  heavy  that  d'-ici/ir  wan  non-ennai . 

Puri  lit;  tiie  tliree  .ncasonn  ix't'ween  I'.'YO  and  !9T3,  1 report.'.  <vcre 
colleeted  from  finiiinr  boatr.  Icinr  ■'•Lansea  by  the  year  and  ‘ lie 
month  are  nhewn  in  Table  IV.  lie.avier  t.n.nn  moderate  ieiiii;  iiicilciitn  'wei’e 
reported  in  about  one  third  of  the  refiort.s.  Pronounced  relat.ionnliir.3 
were  found  to  exint  between  tin  icinr  clanc  and  the  wind. '.peel,  wind 
directions,  air  tc'mperature  and  beaufort-  wave  .".cal';,  as  sliowri  in  Ki)-uri;r 
8a , t , c , and  d . 

Icinr  is.  however,  the  function  of  ttiese  combined  f.actcrr.  T.he 
'amount  of  water  that  can  be  fi'oc.en  is  i.-ontrolleil  main.Iy  by  tlio  se't 
spray,  wl;ich  is  .a  function  of  the  windspeed,  wave  class  and  beariu)" 

■and  speed  of  the  shij'.  The  freesirif  process  of  the  supplied  water  i.s 
governed  by  tiie  heat  removal,  major  factors  of  which  are  the  air  temt'er-j. 
tore,  and  the  windspeed.  Since  any  increase  in  tlie  wave  class,  air 
temperature,  or  windspeed  will  accelerate  the  ice  accretion,  the  pro- 
duct of  those  factors  (the  icinp,  index)  would  be  a useful  indicator  o*' 
tine  icings.  The  various  values  of  the  indices  are  showi.  in  Firure  9 by 
a series  of  dash  lines.  The  coolinr  factor,  i.e.  (air  temperature)  x 
(relative  windspeed)  vs  wave  class,  yields  these  values  of  the  icinr 
index.  The  reports  of  icint  incidents  are  also  shown  in  the  S'u:e  (•rapt. 
The  number  of  the  reports  are  yiroportional  to  the  si7.e  of  tie  circlf-, 
and  the  percentages  of  icinr  class  reported  are  shown  by  the  shaded 
angles.  More  than  505  of  the  heavy  icing  is  reported  in  the  rerions 
where  the  icing  is  higher  than  500,  and  1005  heay;/  icing;  is  reported 
when  the  icing  index  exceeds  800. 

Sea  C fir  ay  Flux 

Generation  of  tiie  sea  spray  is  not  a simple  j.henonierion , especially 
where  pounding  of  waves  by  the  ship's  hull  is  involved.  A simple  sea 
spray  collector  was  devised  (Tabata  I969)  to  mo.-isure  the  distribution  of 
sea  spray  under  various  conditions.  The  sea  spray  was  captured  by  a 
water-absorbing  cylinder  (made  of  toilet  tissue),  as  shown  in  Figure  10, 
and  the  amount  was  determined  by  weight  aft.er  5 to  6 minutes  of  ex- 
posure. i;<'W  absorbers  were  replaced  each  time.  The  r,f;a  sp'ray  collector 
were  mounted  on  the  upper  deck,  as  sliown  In  I’igiire  11. 

The  distribution  of  the  sea  spi'.ay  I'l  ux  captureii  by  the  collectors 
is  shown  In  Figures  li?  and  13  by  the  relationship  of  tiie  wave  to  the 
ship's  bearin«.';s.  The  conditions  of  their  observations  -were;  windspeed 
5-9  if./sec,  beaufort,  wave  scale  P-3,  wav(-  lieight  0.'— i m,  and  wave  lengt.li 


I. 


about  10  ni.  AJ  thiourli  Uio  contl  it  ion;:  v.’>  ro  quit.'  p.iodfrat,.  , cnnnid'.-rnl  J <■ 
di  fl'orcnceu  in  r.en  upruy  flux  by  t.iu'  rilnt  ivc  .and  n)  ( (.-i  nan  bo 

noted . 


Usinf'  tiio  ciann  i f i cat  ion  in  lue:  ir-nnaj  la-.-  to'.ed  : nev  i ouc  iy  , icirifi 
conditions  andei'  thc;se  ci  rcuiTiittances  w re  o].a:'.;t  0 irot  ■ ib;;(  rvatj]  <•) , or 
f'Ossibly  1 (modoi'atc) , if  the  air  t enipei-.at.ure  wa.-;  I'  l'.w 


itLi  OHTO  FROM  EMDAKOEHhr'  tliin  :; 

Accordirif;  to  Paw/ida  (J97o),  icinr  can  oridanrf'r  <.'V(.-n  t.fif;  io/jO'i-t'. r.- 
clas;i  shipr.  Tiie  yeuse'l,  i'-htamci  tiaru  ^9,39i'  toti:;  ; , J-.ft,  h-ij  ' li.arbor , 
Washington,  in  danuary  1967,  Ifj.ade.i  witti  tinber.  1‘  ■■!  •oanten.-.!  heavy 
icing  conditions  in  the  .area,  as  shown  in  P'iyu'e  ih.  Kx trenely  har.) 
ice  had  built  iii  to  .an  .-ivor.are  of  20  crri  (8  in.)  in  tnickness  ot:  t.he 
foi-ecastle  deck  in  about-.  60  iiours.  The  inaximuin  thioktier.s  exooeiei  iO  cm 
(20  in.).  The  front  window  of  the  ship  w.as  covered  by  hO  err.  (if  in.)  of 
ice.  The  ship  listed  about  10"  to  the  I'ir.ht  '’starboard),  loavinr.  or.ly  a 
few  aegrees  of  safety  margin  before  c.apsizing  trould  occur.  The  total 
weight  of  ice  was  estimated  to  be  200  tons. 

In  another  incident,  the  V'..‘ssej  Ju.'o  l-'aru  (17,290  tons)  j'epor' e i 
up  to  100  tons  of  icing  in  the  northern  iacific  Ocean.  Mor’c  than  1.' 
hours  of  ice-renioval  operatioris  by  6o  hands  were  required  befer'-  -.'n- 
loading  could  begin. 

From  the  analysis  of  the  icing  data  obtained  by  the  observttion 
ship  Keifu  Maru,  at  a fixed  fioint  1‘40"E,  Sawaua  (1973)  derdv'.-i  ‘ i.*.- 

following  conditions  for  icing: 

1.  When  water  temfrerature  is  i.3  ~ ‘j-6"C  and  -t.he  .ship  is  tr-iV'd- 
Ling,  icing  starts  with  air  temperature  below  - ^"C , wind;-.peed  at  8 ."./s, 
and  wave  height  at  1.9  ni  (Beaufort  5). 

2.  Severe  icing  (2  cm/hr)  occurs  when  air  tempei'ature  drops  to 
-6”C,  windspeed  is  10  m/s,  and  wave  height  is  2 m (Beaufort  6). 

However,  Sawada  observed  little  ice  accumulation  when  the  shin  war; 
drifting.  Icing  in.ay  start  at  highci'  air  temperatures  when  the  water 
temperature  is  lower. 

As  a measure  of  the  icing  forecast,  Sawada  prop'osed  to  use  an 
390-mb  isothermal  line.  Since  an  fi50-mb  isotiurrmal  line  suffers  little 
local  variation  and  j. reserves  its  thei’m.al  ciiaractei-,  it  is  suitable 
as  a base  for  the  icing  forecast.  Sawada  concluded  tiiat  icing  starts 
at  Sea  level  when  the  isothermal  Line  at  890  mb  is  dropped  to  -19°C 
and  severe  icing  may  occur  trelow  -L8"C. 


Ac  shown  -itiov'  , low  nir  .iri  - nnd  thi'  r.i.rny  nr'-  the 

major  factors  of  iciiu'.  Alt.hoiir.h  t.hc  .".ca  r.pra.y  is  tin-  fiinction  of 
the  wind,  a mov  i nr  .diif  nro-in'o;-,  vr,r>-  ;-,<n  r.pr'iy  hor-aur>'  .ii'  the  wave:; 
jioundin/'  at'ainst  f,h(  how.  'i’hc  neirdit.s  of  tne  wav*.;  m.ay  he  -i  rir<rr- 
imjiortant  factor  for  the  chip'.-  icinr.  Kor  st.at  i oriary  st.-uctares 
such  as  an  offshore  oil  fir,  mud  s.ea  .-.pray  is  .■.u;ai!l  Led  by  wLiit,.-  caps 
and  brt'akintj;  waves,  thus  I’equirLnr  hirher  w i nc.speods . !rol;abiy  a wind 
Gtrenrth  of  Heaufoj't  8-9  would  t>e  required  for  con.' i d' Table  iciru'. 

Air  terq  I ratur",  on  the  otiior  hand,  may  be  tii  'her  t.jan  that  re- 
quired to  cause  icinp;  on  the  movinr  siiip,  since  wind-generated  sea 
spray  drops  have  a lonrer  time  to  coo.l  down  before  strikinp  1.iie  surface 
of  the  structure. 

Considerinr  these  factors,  forecasts  of  oil  rir  icinr  may  be  made 
when  the  foliowinr  conditions  are  met: 

1)  850-mb  tem[;eratiare  at  tlie  site  is  Lower  than  -Ih^C. 

2)  Winds  exceed  Beaufort  8-9. 


DiGCUCdlOK 


fill  the  data  described  here  wer’e  obtained  froii.  rnovinr;  shir.;.  Ar. 
described  elsewhere,  sea  spray  produced  by  waves  pouiidinp;  on  the  movinr 
ship's  hull  was  the  major  sour-ce  of  the  icinr  in  tla'  moderate  (Beaufort. 
9-6)  condition.  Tt.  is  quite  probable  that  a little  roufiiier  sea  i-oiidit'  ' 
would  be  required  to  produce  a similar  effect  on  tiie  stationary  objects. 

The  rate  of  the  ice  accumulation  is  hiphly  dey>endent  on  the  sise 
and  the  structure  of  the  siiiyi.  Tiic  :'.n;aller  the  ship  or  the  lower  the 
freeboard,  the  more  the  ice  accomulates.  For  instance,  a d20-ton 
cutter  (Yu pari ) accumulated  13.^  tons  of  ice,  or  )4.2r  of  dispiaceiiient 
to.’iriare,  while  a T^-*-ton  fishinr  boat  ( No . 6 , Yahiko-Maru ) accuiriulated 
1*.8  tons  01'  ice,  or  Y.8^  of  d Ln, placement  tonns.re,  under  identical  con- 
ditions (Table  Ill(b)  and  (c)).  It  is  interestinr  to  note  that  the 
contribution  of  ice  accumiilation  on  the  \ijq)er  deck  and  the  bulwark/ 
iiandrail  accounted  for  about  695»  of  tfii;  total  accuriulatiori  in  both  cases. 

The  probleiTi  of  icinr  rates  on  stationary  structures  such  a:;  oil 
rip.s  and  that  of  icinr  rates  on  shiyis  may  not  be  similar  because  the 
icinrs  are  generated  by  dil'fercnt  processes.  The  supply  of  wat.er  form! nr 
the  icinr,  on  stationary  structures  i.s  renerated  by  sea  spray  froni  white- 
caps,  whereas  that  forminr,  the  icinr,  on  ships  i.s  renerated  by  the 
poundinr,  of  waves  by  the  shi])s.  A theoretical  approach  to  icinr  rate 
was  possible  for  the  stationary  structure;  the  ficneral  aspect  was  parallel 
to  that  for  ships,  except  that  windsyieed  had  to  ho  iiipher  for  the 
stationary  str'ucture.  A brief  description  of  this  appi'oach  will  clJirify 
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the  major  prol'lrm  area  arul  heLj)  to  lircct  futun.,  otadii;;'.  "'h»;  i..etai  i:; 
will  be  d i scuaiied  in  a p.aper  iii  [-.reparation  Itaj'aki. 

Tlie  rate  of  ice  accuriula.t  ion  ^ is  conti’olled  i^'  taree  major  factors: 
the  mass  flux  F_,  tlic  capture  coefficient  and  tiie  proj^ort  i onr,  of 
frozen  S[>ray  droplets  captured  on  t.lie  surface  ar. 

R - FCF.  (1) 

The  mass  flux  F_  at  tiie  neipiit  ol'  cuncera  would  l.e  centre iJ  e<l  by  tne 
Pieneration  of  s{>ray  iiy  wliitecaps,  in  ttie  [u-ersent  case,  .and  ti:e  trarui.ort 
of  spray  by  the  eddy  diffusion  firocess.  'dome  limited  d.-i.ta  for  tiie  f]  ix 
fire  available  (Lai  and  bhemdin  19Y^‘,  Monahan  and  Toba  J9Cl).  Ti.e 

capture  coefficient  £ is  close  to  unity  for  tiie  larrer'  droplets  such  as 
sea  spray.  L,  the  projjortion  of  icin;:  to  tiie  cajituxa.  i iro[s,  e-an  iie 
derived  from  Tables  lla  .and  b (Ono  lOC'h)  . is  stron.-  ’.y  ird'lu'nced 
by  air  tem[>erature  and  iine.ariy  increases  to  at  ai  ...and  'inis 

calculated  result,  shown  in  Fiintre  15,  ' rrees  witii  Uic  'i-.-bo.ard  observat  ion 
shown  in  Figures  3 and  6,  except  tliat  wind  level  is  mucii  hlpiien  than 
indicated  by  the  on-board  observations. 

The  application  of  tliis  theory  is  limiteu  iiy  in.iuf ficient  data, 
especially  for  the  mass  flux  £ at  tiie  fiii'lier  levels,  since  .all  the 
measurcauents  were  made  close-  to  < Vie  sen  surf-u-e.  ’'.easurements  of  P 
at  a more  diverse  temper.ature  ranre  also  j-equired.  With  more  i::.- 
proved  information,  we  should  lie  able  to  yiredict  the  icinp  rate,  whi-- 
should  be  checked  aj^ain  iiy  observations  in.ade  under  a wide  r.anp.e  of 
weather  and  wave  conditions. 
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Table  1 

. Iciti/- 

rates 

by  po; 

sitiori  of 

ice  oil  hoard  ship  (Unit 

ton ) 

[ Trans 

lated  ! 

'rom  7 

abata  et 

al.  (1963 

, Tah'le 

1)1 

(Copyrirht,  T 

'.  Tabata;  repi' 

1 nted  by 

pormi 

i on ) 

Location 

ol'  icirif' 

Klar- 

i'.ul- 

i'-ul- 

Total 

Ice 

Date 

pole 

Upper 

wa.rk 

wark 

i CO 

L'ura- 

accretion 

of 

Fore- 

and 

deck 

star- 

port- 

'HAier 

•iccro- 

lion 

Icin/:  ! 

castle 

bun 

Brldr.e 

E'luip 

. board 

side 

parts 

tion 

( hr ; 

hr 

15  Jan. 
1600  hr 

0 

0 

0 

0 

0 

0 

0 

0 

I4 

0.01 

2000 
l6  Jan. 

0.01 

0.005 

0 

0 

0 

0.009 

0.005 

0.03 

1. 

0.l5 

0000 

0.l8 

0.07 

0 

0.25 

0.003 

0.12 

0.13 

1.75 

I4 

1.)46 

0^4  00 

1.87 

O.7I4 

1.00 

0.66 

O.5I4 

0.63 

I.II4 

6.58 

3 

0.58 

08  00 

2.I47 

0.97 

1.16 

0. 66 

0.61 

1.00 

1 .lilt 

8.31 

0 

0 

1200 

2.147 

0.97 

I .16 

0.66 

0.6i 

1.00 

I.I4I4 

8.31 

2 

0.'  1 

1600 

2.77 

1.09 

1 .29 

0.80 

0.61 

1.19 

1.59 

9.33 

2.17 

' ■ 

2000 
17  Jan. 

3.55 

I.I4O 

1.68 

0.89 

0.67 

I.6I4 

2.06 

11  .88 

0 

0000 

3.55 

I.I4O 

1.68 

0.89 

0.67 

1 .6I4 

2.06 

11 .88 

2 

- 

0>4  0U 

I4.9I4 

1.95 

1.92 

1.10 

1.22 

1 .98 

2.75 

15.66 

3.17 

1.31 

o6oo 

6.03 

2.36 

2.11 

2.13 

1.59 

2.  30 

3.I47 

19.99 

Note:  Ice  accretion  waa  observed  between  13^5,  15  'Tanuaiy  - 0700,  l6 

January;  ll*00-l8l0,  iC  January;  and  0200-0710,  17  Jtmuary. 
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[Translated  fi’oni  Ono  (1961*,  Tables  ] and  2)] 
(Copyri(7ht,  !<.  Ono;  reprinted  by  permission) 
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0 Aft  b Forward 


Fif^urc  1.  Cross  sections  of  ice  accumulated  on  portside  handrail 

(hatched  area).  (Tabata  et  al.  1963)  (Copyright,  T.  Tabat 
reprinted  by  permission.) 

no  icing 
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1962 


Fifpire  2.  PercentaRe  of  ice  accumulation  by  time.  (Tabata  et  al. 

1963)  (CopyriRht,  T.  Tabata;  reprinted  by  permission.) 
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Aif  temperature,  “C 

Fif'ure  i.  Ice  accuirilatlon  rate  by  air  temperature  and  wind  scale. 

Observed  on  board  cutters  Chitose  and  Yubari . (Tabata  et  al . 
1963)  (Copyri{j;ht , T.  Tabata;  reprinted  by  permission). 
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a.  Icing  rod  b.  Icing  rod  installed 


Figure  h,  Diagrfim  of  icing  rod,  and  icing  rod  installation.  (Tabata 

et  ai.  1963)  (Copyriglit,  T.  Tabata;  reprinted  by  permission.) 
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a.  Icing  gage  b.  Icing  gage  installed 

Figure  ‘j.  Icing,  gage  and  icing,  gage  installed.  (Tabata  et  ai.  196^) 
(Copyright,  T.  Tabata;  reprinted  by  permission). 


Figure  6.  Effect  of  air  temperature  and  relative  windspeed  on  ice 

accretion.  (Tabata,  I969)  (Copyright  T.  Tabata;  reprinted 
by  permission). 
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AiR  TFMP  ■ RELATIVE  WIND  VELOCITv  ( -*C  "«/s  ) 


Ifiri('  irieidenti:  by  icint-'  indices  and  wave  ncale 
(Copyri('ht , a.  Ono;  reprint&l  by  pcrmisaion) . 
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F’irure  10.  Gea  npray  collector.  (Tabata  I969)  (Copyrifdit,  T.  Tabata 
rejjririt<--d  by  permicciori.  ) 
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if'urr-  Jl.  D j buti'jrj  of  ueu  ri  i-ay  c iii-L-t.or-i;  -.ti  .■•.i 

(Copyri)'ht , r : n*.' ■ i t ,v  per 


Aiujle  betvwL'M  ship  ond  wavr  propagation  (0  I 


/.’  * f 


a Fulljpncd  I,  Hall  Mifftt 


P'jrui'o  L2.  Di  ;;i.r  ibutioii  of  ucu  bfu'ii.',  t'iu--;  on  forw  ifl  ili  p'i-,. 

I'lh'))  (Copy  rir'nt, , T.  T.'ibnPa  ; n g f i r.to  i by  rriT-i 


Positrons  ware  taken  noontime  dotiy 

Figures  -n  parentheses  indicate  mo«  degree  of  ships  Ustm, 


Figure  jli.  Ttu;  umi  area  of  icin^’;  la.-iioi’t'.’ii  fy  Mie  Dlioiiiei  Maru. 

(Cawadu,  i9Y'd)  (CopyrirhL,  Lh(_  iiakodati  Mar.iru  ObiJorvatory ; 
rejiriiited  by  pcrinlooion) 
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